Abstract-A new model for a three-layer shielded microstrip line for microwave circuit applications is presented. Similar to dielectric relaxation considerations of Cole-Cole diagrams which was applied to dielectric materials, a "reactive relaxation" idea is introduced to embody the frequency-dependent characteristics of the micro strip line. This research is expedient for researchers as it proposes simple yet efficient methods that can explain physical aspects of micro strip circuits while ensuring precision.
I. INTRODUCTION
The advent of new technologies has lead Radio Frequency (RF) and microwave engineers to design future ultra-fast digital circuits by increasing component density. Several researchers [1] - [3] proposed closed-form expressions for analyzing the high-speed microstrip transmission lines. Most computer-aided design (CAD) systems have been formed by utilizing this kind of algorithm that has built-in microstrip design capabilities. However, simple calculation technique for microstrip line parameters such as using hand-calculator or personal computer is needed for the initial design stage or for quick circuit evaluation purposes. Designers are also required to scrutinize fragmentally the physical components of microstrip circuits. Researchers are searching for simple yet effective methods in explaining the physical aspects of the microstrip circuits which ensure accurateness.
The contribution of this research is the analysis of the three-layer shielded microstrip line performance based on the Cole-Cole diagram representation [4] . To achieve this goal, an approach that uses the Debye relation [4] is introduced to portray frequency-dependent characterization of a microstrip line. Hence, "a reactive relaxation diagram" (analogous to the Cole-Cole diagram) is proposed to represent the frequency-dependent capacitive effects in the three-layer shielded microstrip line.
Generally, it is time consuming and expensive to employ numerical approaches because it requires high performance computer for microstrip synthesis (or analysis) leading to computer-aided circuit design. However, the expressions derived in this paper are simpler and computationally economical in terms of time and system requirements.
II. DISPERSION MODEL OF A THREE-LAYER SHIELDED MICROSTRIP LINE
The three-layer shielded microstrip line used in this research is the open transmission line. The geometry of the microstrip line is shown in Fig. 1 . The frequency-dependent effective permittivity of the three-layer shielded microstrip line can be written as [5] :
can be written as a "combination of static and frequency-dependent parts of the relative permittivity" [5] [6]. (2) where "could be obtained from the SLR formulation" [6] . Additional relative permittivity can be written as
where 2 and is the normalized frequency and H is a parameter which controls the thickness of dielectric layers. expressions in [7] . The expressions for α , β , and γ are summarized as follows [5] 
IV. COLE-COLE DIAGRAM REPRESENTATION OF THREE-LAYER SHIELDED MICROSTRIP LINE
The concept of dielectric relaxation can be analogously applied to characterize the frequency-dependent performance of a microstrip line. Hence, a frequency-dependent effective permittivity deduced for the three-layer shielded microstrip line [5] can be written in a Debye relation form as follows:
The frequency-dependent effective permittivity in Eqn. (1), it
can be equated to the real part of Eqn. (16b) as follows.
Now the "imaginary part" of the equivalent permittivity of a microstrip system can be obtained by applying Eqns. Therefore, the complex permittivity of microstrip system in compact form can be written as:
In theory, the maximum points of semi-circles in the Cole-Cole patterns correspond to maximum Debye loss in a dielectric material [8] but, in respect to themicrostrip system, these points can be used to depict the maximum reactive (capacitive) energy confined within the microstrip structure. That is pertinent to the maximum value point (A) in Fig. 4 . Therefore, it can be considered that the microstrip geometry holds the field within itself, rather than letting it fringe out. 
VI. CONCLUSIONS
In this paper, the algorithm used to represent the frequency-dependent characteristics of the three-layer shielded microstrip line is based on Cole-Cole dispersion concept. After a thorough research it has been confirmed that proposed model has not been addressed in the literature until now. The research presented in this paper will be a valuable contribution towards computer-aided microwave circuit designs.
